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radiation-induced bone cancer were uncertain and that a quadratic dose-
response function might be more appropriate than a linear function for
low-LET radiation because of the sparsely ionizing nature of the radiation.

The long-term follow up studies of persons with elevated body burdens
of 224Ra, 226Ra, or 228Ra were examined again in detail in the BEIR IV
report (NRC88). Because of the short (3.62-day) radioactive half-life of
224Ra, alpha radiation is confined primarily to the sites of initial deposition
on bone surfaces. In 224Ra-injected subjects, bone cancers have been seen
at times ranging from 3.5 to 25 years after initial exposure, with a peak
occurrence at about 8 years. Several different dose-response functions
for internally deposited 224Ra, and their associated uncertainties, were
discussed by the BEIR IV Committee, and the lifetime risk of osteosar-
coma was estimated to be about 2 x 10~2/person-Gy for a well-protracted
exposure (NRC88).

A range of intake-response or dose-response functions for internally
deposited 226Ra and 228Ra was also examined by the BEIR IV Committee
(NRC88). The lifelong presence of 226Ra in the skeleton after deposition
affects both the doses that are received and the biological responses that
are observed. In contrast to the results for 224Ra, the alpha dose from
226Ra continues to accumulate throughout life, and bone cancers have oc-
curred over a much longer period of time after initial deposition of 226Ra
(up to 63 years after the first exposure). Because of the long-continued
alpha irradiation of the skeleton, the ongoing biological processes of re-
modeling of bone tissues, and the associated nonuniform local deposition
and redeposition of 226Ra, the BEIR IV Committee recommended the use
of intake-response instead of dose-response functions. No estimate of the
lifetime risk as a function of the dose in person-Gy comparable to the
estimate given above for 224Ra was given for 226Ra.

Studies in Laboratory Animals

Because of the sparseness of human data for the risks of bone cancer
from low-LET irradiation, studies with laboratory animals provide another
means of estimating these risks. Most of the currently available data on the
long-term biological effects of low-LET irradiation in laboratory animals
have been derived from chronic beta irradiation by internally deposited
beta-emitting radionuclides such as 32P, 45Ca, and 90Sr (Go86a). Of these
radionuclides, 90Sr has been studied in the greatest detail because of its
relatively long-term persistence in fission product mixtures that may be
released into the environment.

A broad range of species of laboratory animals has been used in these
studies. The most extensive of these have been the life-span studies of dogs
exposed to 90Sr in relatively soluble form by intravenous injection, at the